Abbreviations : GFP, green ‰uorescent protein; scFv, single-chain variable antibody fragment; ELISA, enzyme-linked immunosorbent assay The gfp gene was ampliˆed by PCR from pJBA29, gelpuriˆed, digested with Bgl II and HindIII and then ligated into the Bgl II-HindIII sites in the pSJF2 vector containing picloram-speciˆc scFv. RBS is the ribosomal binding site. A green ‰uorescent protein-labeled ‰uobody was designed to develop a simple immunoassay method for detecting picloram herbicide in an environmental sample. The gfp gene was successfully inserted into the pSJF2 vector harboring the picloram-speciˆc antibody fragment to yield pSJF2GFP. Picloram spiking in an environmental river sample could be indirectly detected by observing the ‰uorescence intensity value of the gfp‰uobody, exhibiting speciˆc sensitivity to free picloram with an IC 50 value of 50 ppb. Using the gfp-‰uobody immunoassay avoids the enzyme-substrate reaction for calorimetric detection that is required in an enzymelinked immunosorbent assay (ELISA).
Many pesticides such as picloram (4-amino-3,5,6-trichloropicolinic acid) and 2,4-dichlorophenoxyacetic acid (2,4-D) require extensive sample preparation including conversion and cleanup before they can be analyzed by gas chromatography. An immunoassay can be a simple, rapid, cost-eŠective and sensitive analysis for such pesticides as an alternative method. 1) Such immunoassays are based on polyclonal or monoclonal, and recombinant antibodies. [2] [3] [4] [5] [6] [7] Experimental steps that are basically required in an immunoassay include an enzyme-substrate reaction for calorimetric detection. In an eŠort to develop much simpler and more speedy immunoassay by skipping the enzyme-substrate reaction, we studied a ‰uorescent-labeled antibody immunoassay by using green ‰uorescent protein ( gfp). Gfp isolated from the marine bioluminescent jellyˆsh, Aequorea victoria, has been used as a versatile reporter for monitoring dynamic processes in cells or organisms, as its ‰uorescence can be sensitively measured by observing the green light emission without any additional substrates or cofactors. [8] [9] [10] [11] The gfp gene (about 0.7 Kbp) was ampliˆed by PCR from pJBA29 in E. coli JB122 with primers 5?-CAAAAACAGATCTGATGCGTAAAGGAGA-AGAACT-3? and 5?-AGTGCCAAGCTTTCATT-TGTATAGTTCATCCATGCCATGTGTAATCC-3? (the restriction sites are underlined).
12) The amplied gene was gel-puriˆed, digested with Bgl II and HindIII (New England Biolabs, Beverly, MA, U.S.A.) and then ligated into the Bgl II-HindIII sites in the pSJF2 vector containing a picloram-speciˆc single-chain variable antibody fragment (scFv) 4, 5) to yield pSJF2GFP. pSJF2GFP carrying the gfp-‰uo-body gene was constructed as depicted in Fig. 1 . The ligation product was transformed into competent cells of E. coli ER2566 (New England Biolabs, Beverly, MA, U.S.A.). The transformed bacteria were plated on a modiˆed LB agar plate (10 g of Bacto The gfp-‰uobody was incubated without () and with the picloram-coating antigen diluted at ratios of 1:500 (), 1:100 (), 1:10 () and 1:1 (#). An aliquot of the unbound gfp-‰uo-body was removed from the microplate wells after incubation, and excitation spectra were then recorded from 470 to 510 nm by a spectro‰uorometer with emissionˆlter of 511 nm. Each data value is the mean of triplicate measurements±SD.
tryptone, 5 g of yeast extract, and 4z (w W v) NaCl) with 100 mg W ml of ampicillin and 50 mg W ml of carbenicillin.
The gfp-‰uobody-transformed bacterial colony showed bright green ‰uorescent light when detected by a Labophot epi‰uorescence microscope (Nikon, Tokyo, Japan) with an excitationˆlter of 450-490 nm and emissionˆlter of 511 nm. This green ‰uorescent light could be easily observed on the LB plate without the addition of any other substrates. One colony that showed bright green ‰uorescence only when detected by the epi‰uorescence microscope was selected and used for DNA analysis by PCR with gfp-speciˆc primers (data not shown). The PCR analysis for gfp gene showed that the ampliˆed gene from pSJF2GFP was about 0.7 Kbp, which is the same size as that of the positive control from pJBA29 with gfp. pSJF2GFP and pSJF2 were also isolated and digested by EcoRI or EcoRI+HindIII, which did not cut gfp-scFv, before the digested gene was electrophoresed on agarose gel. A fragment of about 4.2-Kbp was observed from EcoRI-digested pSJF2GFP by agarose gel electrophoresis. This fragment was approximately 0.7-Kbp bigger than that of EcoRI-digested pSJF2. Approximately 2.7-and 1.5-Kbp fragments were observed when pSJF2GFP was digested by EcoRI+HindIII, which is comparable to about 2.7-and 0.8-Kbp fragments of EcoRI+HindIII-digested pSJF2, resulting a 0.7 Kbp diŠerence between them. These results strongly suggested that the gfp gene had been inserted successfully into pSJF2 in the frame with picloram-speciˆc scFv.
The green ‰orescent bacterial colony thus obtained from above was used for the extraction and expression of periplasmic protein of the gfp-‰uobody as described previously.
5) The supernatant containing periplasmic proteins of the gfp-‰uobody was obtained and directly used without puriˆcation for an immunoassay to detect picloram. According to the previous study, 5) there was no diŠerence between the experimental results when using unpuriˆed versus puriˆed picloram-speciˆc scFv. A picloram-coating antigen (50 mg W ml) diluted in a PBS buŠer (NaCl, 8 g; KCl, 0.2 g; Na 2 HPO 4 , 1.4 g; KH 2 PO 4 , 0.2 g per liter; pH 7.4) was added to microplate wells and incubated overnight at 49 C. The unbound coating antigen was removed from the wells, and the empty wells were washed twice with a PBS buŠer containing 0.05z (v W v) Tween 20 (PBST). To block the unoccupied sites of the wells, 200 ml of a PBS buŠer with 3z (v W v) nonfat milk powder (Bio-Rad Lab., Hercules, CA, U.S.A.) was added to the wells, and the plates were incubated at 229 C for 1 hr. The blocking solution was removed and the wells were washedˆve times with PBST. The periplasmic protein supernatant (100 ml) containing the gfp-‰uobody was added to the wells, and the plates were incubated at 229 C for 1 hr. Immunoassay-microplate wells for ‰uorescence detection are not commercially available, so the unbound gfp-‰uobody was used for indirectly measuring the level of the gfp-‰uobody that had bound to the picloram-coating antigen in microplate wells. Aliquots of the unbound gfp-‰uo-body solutions were removed from the microplate wells after incubating with the coating antigen, diluted in a PBS buŠer and transferred to a spectro‰uorometer cuvette. The ‰uorescence intensity of the excitation wavelength was recorded from 470 to 510 nm with a spectro‰uorometer (Photon Technology International, London, ON, Canada) with an emissionˆlter of 511 nm. The diŠerence between the ‰uorescence intensity of the initially added gfp-‰uo-body and that of the unbound gfp-‰uobody after incubation is regarded as the ‰uorescence intensity value of the gfp-‰uobody that was bound to coating antigen. Negligible ‰uorescence intensity was apparent for the negative control sample from E. coli ER2566 without the gfp gene at this wavelength. Figure 2 shows the excitation spectral patterns of the gfp-‰uobody that was not bound to the coating antigen in the microplate wells. The maximum spectrum was observed at 488-490 nm, which is the same as that of E. coli harboring pJBA29 with the gfp gene.
10) The excitation ‰uorescence intensity of the unbound gfp-‰uobody decreased with increasing amount of picloram-coating antigen that was added to the microplate wells, but the spectral patterns were the same regardless of the amount of coating-antigen added. This decreasing ‰uorescence intensity of the * Each data value is mean of triplicate measurements±SD. ** Calculated by subtracting the ‰uorescence intensity of the unbound gfp-‰uobody from the ‰uorescence intensity of the initially added gfp-‰uobody. *** Determined by the formula [(1"I W I0)×100z, where I is the ‰uores-cence intensity of the gfp-‰uobody incubated with picloram and I 0 is the ‰uorescence intensity of the gfp-‰uobody incubated without picloram.
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unbound gfp-‰uobody suggests increasing gfp-‰uo-body bound to the picloram-coating antigen in the microplate wells. In another experiment, the empty plate wells after removing the unbound gfp-‰uobody solutions were washed three times with a PBST buŠer and used to conˆrm whether the gfp-‰uobody really was bound to the coating antigen. scFv-speciˆc secondary antibody goat anti-mouse IgG (Pierce Chemical Co., Rockford, IL., U.S.A.) conjugated to horseradish peroxidase and the enzyme substrates, 2,2?-azinobis(3-ethylbenzthiazoline-6-sulfonic acid) diammonium (Sigma-Aldrich Chemicals Ltd., St. Louis, MO., USA), dissolved in a 50 mM citrate buŠer (pH 4.0) containing 0.005z H2O2 were added to the microplate wells and incubated as described previously. 4, 5) The absorbance was measured at 405 nm with a microplate reader (model 3550-UV, Bio-Rad). Increasing absorbance was observed with increasing amount of coating antigen that had been added to the microplate wells (data not shown), suggesting that the gfp-‰uobody protein was bound to the coating antigen.
A picloram standard and river water sample (Speed River, Guelph, ON, Canada) were prepared as described previously 5) and used for a competitive indirect immunoassay to examine the speciˆcity and the a‹nity of the gfp-‰uobody. The gfp-‰uobody speciˆcity toward the picloram-coating antigen was inhibited by free picloram at a concentration as low as about 10 ppb (Table 1) . Negligible inhibition was observed at a concentration below 1.0 ppb, whereas 100 ppm of picloram signiˆcantly inhibited the gfp‰uobody speciˆcity to the coating antigen. The value of IC50 (the picloram concentration to give 50z inhibition) was approximately 50 ppb. Similar inhibition was also observed with the same value of IC50 in an environmental sample obtained from the picloramspiked river water (Table 1 ). This IC50 value is similar to that from a previous study, 5) suggesting that the gfp-‰uobody can be used as an alternative and simple method with high sensitivity for detecting picloram in an environmental sample.
We have reported a simple immunoassay using the gfp-‰uobody for detecting picloram in an environmental sample. To our knowledge, this is theˆrst report of an immunoassay method using a gfplabeled ‰uobody for detecting a pesticide. The enzyme-substrate reaction for calorimetric detection that is required for ELISA can be avoided by the gfp-‰uobody method. The gfp-‰uobody method will, therefore, save both time and resources as compared to normal ELISA method.
